A seminested reverse transcription-polymerase chain reaction (RT-PCR) was developed for the detection of classical swine fever virus (CSFV) in semen. Five boars were inoculated intranasally with CSFV isolate propagated in PK15 cells. Two boars inoculated with the supernatant of noninfected PK15 cells were kept as controls. Semen and serum samples were collected twice weekly for 63 days postinoculation (dpi). Samples were tested for the presence of antibodies to CSFV by an enzyme-linked immunosorbent assay and for the presence of CSFV nucleic acid by seminested RT-PCR. Antibodies to CSFV could be detected as early as 7 dpi in 1 boar, and all 5 infected boars were found positive by 14 dpi. CSFV from boar semen was infrequently identified by virus isolation compared with seminested RT-PCR. CSFV nucleic acid was detected in semen by seminested RT-PCR as early as 7 dpi in 3 infected boars and persistently thereafter in all 5 infected boars until 63 dpi. When separated fractions of CSFV-contaminated semen were analyzed by the seminested RT-PCR, the CSFV nucleic acid was detected mainly in seminal fluid and occasionally in nonsperm cells. CSFV antigen was also detected in nonsperm cells from semen smear by immunohistochemistry. Thus, infection via semen, specially through CSFV-infected seminal fluid, seems to be a major route of transmission of CSFV.
Classical swine fever virus (CSFV) is the causative agent of classical swine fever (CSF), an important disease of swine, causing significant economical losses in the swine industry all over the world. Classical swine fever virus, together with the structurally and serologically related bovine viral diarrhea virus (BVDV) of cattle and the Border disease virus (BDV) of sheep, belongs to the Pestivirus genus within the family Flaviviridae. 7 The disease is characterized by a peracute, acute, subacute, chronic, atypical, or inapparent course. 19, 21, 22 The peracute form is characterized by a rapid course without typical clinical signs suspect for CSF followed by sudden death. 22 Pathologic changes in acute and subacute CSF, which is a disease with high mortality, include multiple hemorrhages of various sizes (caused by necrosis of endothelial cells) in conjunction with defects in the blood coagulation mechanism. 18 Chronic CSF is a lethal disease with a duration of at least 30 days. 14 There is often little evidence of CSF in terms of petechial hemorrhages in most organ systems, but a single organ system (lung, gastrointestinal tract, and central nervous system) may predominantly be affected. 21 Although the primary route of CSFV transmission may be through contact spread, 22 recent investigations 3, 6 indicated that infected boars can transmit CSFV in semen. Venereal transmission of viral diseases is a major concern in human and veterinary med- icine. In the swine industry in which artificial insemination (AI) is a common practice to improve the genetic pool, attention has been focused on disease, such as porcine reproductive and respiratory syndrome virus (PRRSV), 1 pseudorabies virus, 13 and porcine circovirus (PCV) 9, 11 in which clinical signs of disease are not always seen, but detection of virus in semen is of great importance. The detection of viruses in semen by conventional methods using tissue culture is very difficult due to the cytotoxicity of semen samples. 13, 23 Alternatives to the traditional methods are desirable. Polymerase chain reaction (PCR) has the potential to provide a sensitive, rapid, and specific method to detect CSFV in boar semen.
The first objective of this study was to develop a sensitive and specific reverse transcription (RT)-PCR for the detection of CSFV in porcine semen. The second objective was to determine which fraction of semen from infected boars typically contains CSFV.
Materials and methods
Animals, experimental inoculation, and protocol. Seven boars originating from a specific pathogen-free herd free of CSFV were raised and trained for semen collection. At approximately 11 mo of age, 5 boars (boar nos. 1-5) were inoculated intranasally with 3 ml of the CSFV strain SNUVR2345 (second passage) at a concentration of 10 5.5 50% tissue culture infective doses (TCID 50 ) per ml. Two control boars (boar nos. 6 and 7) were inoculated with 3 ml of supernatant of noninfected PK15 cells. Strain SNUVR2345 was isolated from a 58-day-old pig with chronic CSF. Semen and serum samples were collected once or twice weekly for 9 wk following experimental inoculation.
Preinoculation semen and serum samples were also collected from each boar. The serum samples were tested for antibodies to CSFV by an enzyme-linked immunosorbent assay (ELISA). Semen and serum samples were tested by seminested RT-PCR for the detection of CSFV nucleic acid.
Enzyme-linked immunosorbent assay. Serum samples were tested for antibody to CSFV using a commercial ELISA kit a as described by the manufacturer. A serum sample was considered positive when the blocking percentage was Ն40%.
Virus isolation from semen. Two milliliters of semen samples were freeze-thawed, mixed with 20 ml of Hanks balanced salt solution, and centrifuged at 40,000 ϫ g for 1 hr. The supernatant was discarded, and the pellet was resuspended and vortexed in 1 ml of minimal essential medium plus 4% fetal bovine serum. Confluent monolayers of PK15 cells were inoculated with 200 l of the suspension at 1:2, 1:20, and 1:40 dilution in minimal essential medium plus 4% fetal bovine serum and were incubated for 5 days. Cultures were frozen and thawed after 5 days of incubation, and 1 ml of medium and cells were transferred to a new well, this time containing fresh maintenance medium. Second passage cultures were incubated for 5 days. Cultures were fixed in 80% acetone and tested for CSFV antigen by the indirect immunofluorecent antibody test. After acetone fixation, wells were stained with an anti-CSFV monoclonal antibody b,4 and fluoroscein isothiocyanate (FITC)-conjugated anti-mouse immunoglobulin G, then viewed with a fluorescence microscope for evidence of specific viral antigen. If detectable virus-specific fluorescence was present in any cells of the monolayer, the sample was considered positive for CSFV by virus isolation (VI).
Virus isolation from serum. Confluent monolayers of PK15 cells were inoculated with 200 l of the serum in minimal essential medium plus 4% fetal bovine serum, and were incubated for 5 days. Cultures were frozen and thawed after 5 days of incubation, and 1 ml of medium and cells were transferred to a new well, this time containing fresh maintenance medium. Second passage cultures were incubated for 5 days. Cultures were fixed in 80% acetone and tested for CSFV antigen by indirect immunofluorecent antibody test. After acetone fixation, wells were stained with an anti-CSFV monoclonal antibody b and fluoroscein isothiocyanate (FITC)-conjugated anti-mouse immunoglobulin G, then viewed with a fluorescence microscope for evidence of specific viral antigen. If detectable virus-specific fluorescence was present in any cells of the monolayer, the sample was considered positive for CSFV by VI.
Separation of seminal fractions. Semen samples were separated into seminal fluid, nonsperm cells, and sperm head fractions, as previously described. 20 To obtain the seminal fluid fraction, 100 l of semen was centrifuged at 12,000 ϫ g for 30 sec in a microcentrifuge. Seminal fluid fraction was obtained from supernatant. To obtain nonsperm fraction, 2 volumes of lysis buffer 1 (0.15 M NaCl, 0.75% sodium-Nlauroylsarcosine, 1.5 mg of proteinase K c per ml, and 10 g of sheared salmon sperm DNA per ml) were then added to the pellet and resuspended. Resuspended samples were incubated at 60 C for 1 hr and centrifuged at 12,000 ϫ g for 2 min. Then the nonsperm fraction containing nonsperm cells and spermatozoal tails was obtained from the supernatant. When the remaining pellet was resuspended in 100 l of phosphate buffered saline (PBS) and lysed with buffer 2 (buffer 1 without salmon sperm DNA but with 40 mM dithiothreitol d ), the sperm head fraction was obtained.
RNA extraction from semen. Whole semen or seminal lystates from various fractions were treated with TRIzol. e Briefly, 500 l of diluted (1:20 in PBS, 0.01 M, pH 7.4) whole seminal lysates or seminal lysates from various fractions, were vortexed with an equal volume of TRIzol. After the addition of chloroform (300 l), the RNA in the aqueous phase was precipitated with 500 l of isopropanol for 15 min. The final ethanol-washed RNA pellet was air-dried and then dissolved in 30 l of diethyl-pyrocarbonate-treated water.
RNA extraction from serum. Classical swine fever virus RNA was extracted directly from serum with TRIzol. Briefly, 500 l of serum (1:2 dilution in PBS) and equal volume of TRIzol were added and vortexed. After addition of chloroform (300 l), the RNA in the aqueous phase was precipitated with 500 l of isopropanol for 15 min. The final ethanol-washed RNA pellet was air-dried and then dissolved in 30 l of diethyl-pyrocarbonate-treated water.
Primers. Primers were designed from the genome of CSFV sequence (GenBank accession number J04358). The forward (CSFV-1) and reverse (CSFV-2) primers were 5Ј-AGACGGCCTGTACCATAATA-3Ј (nucleotides 1062 to 1081) and 5Ј-GTATAAGATGTCCACGG-3Ј (nucleotides 1671-1652), respectively. The inner reverse (CSFV-3) primer was 5Ј-GACAACGGCACTAATGGTAT-3Ј (nucleotides 1201-1220). The outer RT-PCR amplified a 610-base pair (bp) and the seminested RT-PCR amplified a 471-bp fragment.
Reverse transcription. For the first-strand cDNA synthesis, 1 l of the CSFV RNA (5 ng/l) was supplemented in a total reaction volume of 10 l with 1ϫ RT buffer (50 mM Tris-HCl, 8 mM MgCl 2 , 30 mM KCl, 1 mM dithiothreitol [pH 8.3]), 0.5 mM (each) deoxynucleotide triphosphates (dNTPs), 2.5 M random hexanucleotide mixture, 20 U of RNase inhibitor, and 50 U of Moloney murine leukemia virus reverse transcriptase. After incubation for 40 min at 42 C, the mixture was incubated for 3 min at 94 C to denature the products. The mixture was then chilled on ice.
Polymerase chain reaction. The composition of the PCR mixture (50 l) was 10 l of cDNA (5 ng/l), 1 l of each primer (250 nM), 5 l of 10ϫ PCR buffer (10 mM Tris-HCl, 40 mM KCl, 1.5 mM MgCl 2 [pH 8.3]), 1.2 l of each dNTP (0.2 mM), 1 l of 2.5 unit of Taq polymerase, and 27.2 l of distilled water. The PCR reaction for CSFV was done under the following conditions in a thermal cycler: f 1 cycle of 5 min at 94 C; 35 cycles of denaturation at 94 C for 30 sec, annealing at 55 C for 1 min, and elongation at 72 C for 1 min; and 1 cycle of 2 min at 72 C. Seminested PCR was performed on 2 l of cDNA product by using nested primers (CSFV-1 and CSFV-3) and the same reaction, step time and temperature, and numbers of cycles as in the first amplification.
The sensitivity of RT-PCR was carried out as described previously. 16 The primers were tested with 10-fold dilutions of RNA extracted from 100 l of a purified CSFV suspen-sion (preadjusted to 10 6 viral particles/ml, as determined by negatively stained electron microscopy) and from PK-15 cells (adjusted to 10 6 cells/ml).
Sequencing. RT-PCR products were purified using a 30-kD cutoff membrane ultrafiltration filter. Purified RT-PCR products were sequenced with automatic sequencer. g Immunohistochemistry for CSFV antigen. Whole semen was filtered through a triple layer of gauze and diluted 1:1,000 in Eagles minimum essential medium. Diluted whole semen was applied to slides h by centrifugation at 200 ϫ g for 5 min. Slides were fixed in alcohol for 5 min and airdried. Endogenous alkaline phosphatase was quenched with 20% glacial acetic acid solution for 2 min at 4 C. All slides were then incubated with normal goat serum d in PBS (0.1 M, pH 7.4) for 30 min at room temperature to saturate nonspecific protein-binding sites. The monoclonal antibody b was diluted 1:50 in PBS (0.01 M, pH 7.4) containing 0.1% Tween 20. Monoclonal antibodies were coated on the slides and incubated with primary antibody for 1 hr at room temperature.
After 3 washes with 0.1% Tween 20 in PBS (0.01 M, pH 7.4), sections were flooded and incubated for 1 hr at 37 C with alkaline phosphatase-conjugated goat anti-mouse immunoglobulin G antibody i diluted 1:200 in PBS (0.01 M, pH 7.4) containing 0.1% Tween 20. The slides were washed with 0.1% Tween 20 in PBS at 3 times. Then, sections were equilibrated with Tris-buffer (0.1 M, pH 8.2) for 5 min at room temperature. The final reaction was produced by immersing the sections in a solution of red substrate j for 20 min at room temperature.
Results
Clinical signs. The boars became febrile between 4 and 11 days postinoculation (dpi). After onset of fever, clinical signs of disease was not observed in the boars. The libido never seemed to be impaired, and semen collection was performed without difficulty. The control boars remained clinically normal.
Enzyme-linked immunosorbent assay. Serologically, all boars were seronegative to CSFV before the inoculation, and all control boars (boar nos. 6 and 7) remained CSFV seronegative throughout the experimental study period. Antibodies to CSFV could be detected as early as 7 dpi in 1 boar, and all 5 infected boars were found positive by 14 dpi. Thereafter all infected boars remained seropositive to CSFV until 63 dpi (Table 1; Fig. 1 ).
Optimization of PCR conditions. To improve the specificity and sensitivity of the PCR, various MgCl 2 concentration (1-2 mM), primer concentrations (0.2-1 M), annealing (50-65 C) and denaturing (94, 95, or 98 C) temperatures, and numbers of cycles (30, 35, 40, or 45) were tested. The optimum product yield was achieved with 1.5 mM MgCl 2 , 0.25 M primer, annealing and denaturing temperatures of 55 and 94 C, respectively, and 35 cycles.
Specificity and sensitivity of the PCR amplification.
Other pestivirus (BVDV) did not react with primers of the CSFV genome. Primers did not react with 7 other swine viruses (PCV, PRRSV, transmissible gastroenteritis virus, porcine respiratory coronavirus, rotavirus, porcine epidemic diarrhea virus, and pseudorabies virus). RT-PCR products from CSFV strain SNUVR2345 were sequenced, and their identity was confirmed as CSFV. The sensitivity of detection of CSFV with primer sets was also tested. A 10-fold dilution series was made in culture medium. Approximately, 75 viral particles per ml could be detected with the outer RT-PCR.
In contrast, as few as 25 viral particles per ml could be detected with the seminested RT-PCR.
Detection of CSFV in serum by VI and seminested RT-PCR. Classical swine fever virus from boar serum was infrequently identified by VI compared with nested RT-PCR. Five serum samples from CSFV experimentally infected boars (boar no. 2 at 11 and 14 dpi, boar no. 4 at 7 dpi, and boar no. 5 at 14 and 18 dpi) were found positive by outer RT-PCR. In comparison with the outer RT-PCR, the seminested RT-PCR allowed the detection of CSFV nucleic acid in 46 of 95 serum samples (Fig. 2) . By seminested RT-PCR all preinoculation serum samples were negative, and serum samples of control boars remained negative throughout the experimental period. Classical swine fever virus nucleic acid was detected in serum by seminested RT-PCR as early as 7 dpi in 1 infected boar (no. 4) and persistently thereafter in all 5 infected boars until 63 dpi ( Table 1) .
Detection of CSFV in semen by VI and seminested RT-PCR. Classical swine fever virus from boar semen was infrequently identified by VI compared with seminested RT-PCR. Significant cytotoxicity was not observed at a 1:40 dilution of semen, whereas cytotoxicity was occasionally observed at a 1:2 dilution of semen. Classical swine fever virus nucleic acid was detected in 4 semen samples only (boar no. 2 at 11 and 14 dpi, and boar no. 4 at 7 and 11 dpi) by outer RT-PCR. By seminested RT-PCR, all preinoculation semen samples were negative, and semen samples of control boars remained negative throughout the experimental period. Classical swine fever virus nucleic acid was detected in semen by seminested RT-PCR as early as 7 dpi in 3 infected boars and persistently thereafter in all 5 infected boars until 63 dpi (Table 1) . When performing seminested RT-PCR on boar semen, many semen samples which were positive for CSFV by seminested RT-PCR were negative by VI ( Fig. 1) .
Immunohistochemistry from semen smear. In the ejaculates of all 5 CSFV-infected boars from which semen was sequentially obtained, CSFV-positive nonsperm cells were detected as early as 7 dpi. Semen smears from CSFV-inoculated boar demonstrated distinct red staining (Fig. 3) . The positive staining in non- 
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* ELISA ϭ enzyme-linked immunosorbent assay; VI ϭ virus isolation; snPCR ϭ seminested polymerase chain reaction; IHC ϭ immunohistochemistry. sperm cells of the ejaculates was most frequently seen between 7 and 14 dpi, when 10-15 positive cells per cytocentrifuge spot were observed (Table 1 ). Throughout the observation period, the spermatozoa were consistently negative for immunohistochemical staining of CSFV. No positive staining cells were observed in semen smears from mock-inoculated boars.
Seminal fractions containing CSFV nucleic acid. The distribution of CSFV nucleic acid in semen was determined by separating experimentally CSFV-infected semen samples into various seminal fractions, which were then analyzed by the PCR assay. Classical swine fever virus nucleic acid was detected mainly in the seminal fraction. In 14 samples, CSFV nucleic acid was also detected in the nonsperm fraction. No specific product was detected in the sperm head fraction of any of the 90 samples (Table 2 ).
Discussion
The objective of this study was to develop a reliable, sensitive, and rapid test to directly identify CSFV in boar semen. Several PCRs for the detection of CSFV have been reported. 8, 12, 15 Of these, no PCR assay was applied to test semen samples for the presence of CSFV. The amount of CSFV nucleic acid present in semen appears to be low because it could only be detected after the seminested RT-PCR. Therefore, the seminested RT-PCR described herein allows the detection of CSFV in boar semen. The PCR product predicts with unique sizes characteristic of CSFV were obtained, and sequences of these products were determined to be CSFV-specific. However, the reasons for intermittent shedding and viremia by seminested RT-PCR are not known. Only a small amount of CSFV may have been present in the semen and serum. Therefore, limited detection by PCR might occur.
Long-term shedding of the virus was determined by seminested RT-PCR. An important consideration was whether the viral genome detected by the PCR assay was indicative of infectious virus. The swine bioassay, consisting of monitoring the seroconversion of specific pathogen-free piglets to CSFV after intraperitoneal injection of semen samples would be useful to determine whether positive semen samples by PCR contains infectious virus. Good correlation between PCR and the swine bioassay has been previously shown in PRRSVinfected boar. 1 Further study is needed to determine the correlation between PCR and the swine bioassay in CSFV-infected boar.
The presence of inhibitors of PCR in semen specimens is a well-known diagnostic problem that frequently leads to false-negative results. 2, 10 Although the mechanism for this inhibition is unknown, it may be due to sperm cell DNA. 20, 24 To prevent this, a detergent was used instead of reducing agents. Reducing agents appear to cause chromatin decondensation of sperm DNA, and this may cause false-negative PCR results. 1, 5 Of the 95 cell fraction samples we tested, 3 were negative in the undiluted sample but positive in the diluted sample (data not shown). Therefore, the dilution allows detection of the virus in at least some of the samples in which virus might not be detected without dilution. The success of this procedure may result from the dilution of inhibitors present in the cell fraction.
Data from the seminested RT-PCR method could be obtained within 1 or 2 days, whereas the more classical methods, such as virus isolation in cell culture require at least 2 weeks. In the present study, CSFV could be isolated in cell cultures from only 4 of the seminested RT-PCR positive samples tested. Failure to isolate CSFV in semen may be due to the cytotoxicity of semen samples. Cytotoxic factors in seminal fluid have made laboratory isolation of viruses from semen on continuous cells lines difficult or impossible. 2, 20 The recommended minimal dilution of semen tested is 1:20 to circumvent cellular toxicity (data not shown). Furthermore, a distinct cytopathic effect was not observed in cell culture, so that serological identification by indirect immunofluorescence was required for final confirmation of CSFV. Therefore, the seminested RT-PCR method has appeared to be more convenient and reliable for routine detection of CSFV in semen.
The observation that CSFV nucleic acid is detected in seminal fluid by seminested RT-PCR and CSFV antigen is detected in nonsperm cell by immunohistochemistry suggests that porcine semen becomes contaminated with CSFV. Infected cells from the site of virus replication may also find their way into the semen. In addition, CSFV antigen is also detected in nonsperm cells from semen smear by immunohistochemistry. Positive cells resembled mononuclear cells. No attempt other than by visual examination was made to identify the cell types, and our results may need to be confirmed by electron microscopy or other methods of identification.
The detection of CSFV in semen 6 suggests that this mode of transmission is possible. The transmission of CSFV via semen to offspring by AI has been reported previously. 3 Most importantly, CSFV was identified in semen in the present study and a putative mode of transmission, the combination of which could be responsible for widespread dissemination of this virus in the swine industry. The important practical question regarding PCR-positive samples, however, is whether they are infectious when used for AI. Classical swine fever virus nucleic acid was detected in extended semen samples from infected boars at 18 dpi (data not shown). Extended versus unextended semen may be important factors when using CSFV-infected semen and are worthy of further investigation.
Efficient production of high quality semen is of major importance to the swine industry, especially to AI organizations. Semen used for AI has great potential as a source for the transmission of infectious disease. 17 The exclusion of semen contaminated with porcine pathogens from commercial semen stocks is a priority of the AI industry. Although not federally regulated, the AI industry should work closely with the diagnostic laboratory service to produce semen free of pathogens that have major domestic consequences or that could impact international trading status. The requirements specify the minimum standards for health monitoring and disease surveillance for boars before entry, during an isolation periods, and throughout the duration of residency at AI centers. The goal of these minimum requirements is to eliminate diseases that are proven to be transmissible by AI.
In conclusion, porcine semen should be screened for CSFV before it is used for AI. The present results suggest that semen may be significant vehicles for the transmission of CSFV. Although this particular RT-PCR test cannot determine the infectivity of CSFV in porcine semen, the results of this study do indicate that it can be used to determine whether a particular porcine semen sample is free of CSFV.
